There are approximately 400 breeds of dog worldwide, displaying significant differences in body size, coat type, leg length, head shape, and more. We have undertaken a genome wide association study (GWAS), involving hundreds of dogs to identify the genes and mutations responsible for this range of variation.
proportionate dwarfism or chondrodysplasia, a defining trait for at least nineteen breeds such as the Corgi, Dachshund and Basset Hound. Multi-breed GWAS revealed a single major locus associated with the trait. Homozygosity mapping, second generation sequencing, and cDNA analysis identified a conserved, expressed retrogene that segregates exclusively with the phenotype. In an effort to find the original source of the retrogene, we sequenced a number of dog breeds as well as a set of wolves from around the world. While the retrogenes is not present in any of the wolf populations, we do find the combination of gene and haplotype necessary to create the original retrotransposition in wolves from Europe and the Middle East. This combination was not found in any of the modern dogs breeds suggesting that the original chondrodysplastic mutation predated the formation of breeds and the ancestor of all chondrodysplastic dogs was unlike any of the breeds commonly associated with the phenotype today.
Other traits have been similarly examined. To map coat variation we took advantage of both intra and inter breed differences to identify loci for three phenotypes: length, curl, and growth pattern. By comparing data from Dachshunds of differing phenotype to the larger multi-breed analysis we have been able to identify the gene and mutation that controls the facial hair growth patterns seen in breeds like schnauzers. Similarly we have found a keratin that controls the degree of curl, and a growth factor that dictates fur length. Combinations of genotypes at these three genes can account for over 90% of fur phenotypes observed among American Kennel Club (AKC) breeds, demonstrating the value of the canine system for understanding the genetic underpinnings of seemingly complex phenotypes. Although it has been hypothesised that cis-regulatory mutations contribute significantly to natural evolution, clear demonstration of a causative mutation has proven to be challenging.
Here we demonstrate how cis-regulatory mutations can contribute to pelvic reduction in three-spined sticklebacks. Pelvic reduction is a major skeletal alteration that has evolved repeatedly in different animals, and is genetically tractable in sticklebacks. Previous genetic and expression studies have linked pelvic reduction to unknown regulatory changes near the major developmental control gene Pitx1. Here we have characterised its molecular basis using both laboratory crosses and natural stickleback populations. We conducted association mapping in a natural population segregating pelvic reduction using microsatellite markers flanking Pitx1. We identified a conserved non-coding region consis- 
